Aeolian sand sample from Tengger desert, located in the southern part of Inner Mongolia (China) was characterized for major elemental composition and mineralogy by EPMA, XRF and XRD methods. The objective of this research was to provide data which would be a guide to aid future beneficiation of this sand, especially for the economic exploitation of feldspar and quartz which have a wide range of applications in various industries like plastic, paint, ceramics and glass industries. The elemental analysis of the sample was carried out by X-ray fluorescence spectrometer and chemical analysis while the minerals present were identified by an X-ray diffraction analyzer. The sand was discovered to contain basically SiO 2 (82.43%), Al 2 O 3 (7.68%), Na 2 O + K 2 O (4.37%) and TiO 2 and Fe 2 O 3 as the main impurities. It was also discovered that grinding of the sand is required to enhance the liberation of the minerals and the separation methods recommended are magnetic separation and flotation. It was therefore concluded that aeolian sand is a suitable source of quartz and feldspar for use in the industry.
and grass since they contain essential minerals for flora growth. The main purpose of the mineralogical characterization in this study was to determine whether there are sufficient feldspar and quartz minerals that can be exploited economically for various industrial uses. Since feldspar and quartz have a wide range of uses as raw materials in ceramics, plastic, paint, rubber, electronic and glass industries, detailed elemental content determination of this deposit was necessary [3] [4] .
In addition, the associated minerals were also identified as it is of great importance in case the deposit needs to be processed. This is because different industries give certain specifications on the maximum impurity percentage contamination to be acceptable in the raw materials. For instance, iron contamination must be below 0.15% in feldspar as a raw material in the manufacture of ceramics [5] . Previous studies have reported titanium and iron minerals being associated with quartz and feldspar resources [4] [6] .
In order to satisfactorily characterize the samples, different approaches were used. The EPMA technique which is a non-destructive method was one of the methods used. It is a widely used technique where the solid specimens are bombarded with a focused electron beam and the emitted X-rays analyzed to determine the composition, concentration and distribution of the elements in the specimen [7] . Wavelength-dispersive spectroscopy (WDS) and energy-dispersive spectroscopy (EDS) analytical systems are the two techniques applied in this method. The EDS technique is quick and is used to identify the major elements while the WDS technique, though slow, is more detailed and identifies the trace elements such as the impurities [8] . Optical microscopes were also used to investigate the surfaces of different polished thin sections of the samples since comprehensive mineralogical investigation of samples by microscopy is a critical part of any study of an ore deposit [9] . In this paper, aeolian sand samples from Tengger desert, Inner Mongolia Province (China), are investigated for major elemental composition and mineralogy undertaken by EPMA, XRF and XRD methods. The desert is located in the southern part of Inner Mongolia and is well-known for aeolian sand deposits. This study, therefore, provides detailed ore characteristics, composition and mineralogy data which can be used for the future beneficiation of this kind of aeolian sands since little is known about their properties.
Experimental

Materials
Experimental study samples were collected from the Inner Mongolia Tengger Desert open-pit mine using the sample points method. 2200 kilograms of ore from 15 sub-sample points were packed in 45 bags and used in the Mineral Processing Engineering laboratory in Wuhan University of Technology for the various tests and studies. The sample information of each sample point is shown in Table 1 . Samples were referred to as TG samples for subsequent study tests. 
Methods
In order to understand the sample characteristics of each sample point, the samples were thoroughly mixed separately, and test samples prepared for further analysis. Subsequent test samples were prepared by mixing representative samples from the 15 points for laboratory mineral identification and the various laboratory tests.
Particle size analysis is usually significant in evaluating the performance of a grinding circuit [10] . In this study, it was used to determine the size range and distribution of the sand. A sieve test analysis of 6 points from the 15 points which included points 1, 4, 7, 10, 13 and 15 was undertaken.
The elemental analysis of the sample was carried out by X-ray fluorescence spectrometer and chemical analysis while the minerals present were identified by an X-ray diffraction analyzer to determine whether the main minerals in the deposit, such as feldspar, had sufficient content to be used for different uses such as the ceramic industries [11] . Atomic absorption spectroscopy method was used in the chemical analysis of the TG mixed sample. The main multi-element chemical analysis results are shown in Table 6 .
A representative sample of the ore of minus 2 mm in size was mixed with epoxy resin to prepare a polished thin section. An optical microscope (Olympus BX51 model) was then used to observe and determine the minerals present as well as their dissemination sizes.
A comprehensive main and trace elements ore data, as well as detailed optical mineralogy, petrographic examination and mineral composition data was carried out using an electron microprobe analyzer (EMPA) [12] . In order to ascer-
tain the microscopic and chemical composition characteristics of quartz, feldspar and the gangue minerals present, electron microprobe and energy spectrum microzone analyses were performed.
Results and Discussions
Particle Size Analysis
Sieve test and laser sizing particle analysis techniques ( Table 2, Table 3 and Table   3 and Figure 1 . From the particle size results of these samples, it means that grinding should be the first stage in the beneficiation of these aeolian sands.
Mineralogy and Chemical Composition of the Aeolian Sands
The sample appears to be yellow-brown/light yellow to grayish-white in colour Note: "small amount" in Table 2 means less than 0.5%. Figure 1 . Laser diffraction size analysis presented as semi-log plot for the cumulative percentage size against logarithmic particle size. The X-ray diffraction analysis (XRD) of the sample was as illustrated in XRD pattern as shown in Figure 2 . The main minerals basically consistent in the Figure 3 , Figure 4 ), sub-circular, fine to medium sand structure, partly coarse sand structure, smooth surface, gray-white color ( Figure 5 , Figure 6 ) and has a particle size between 0.01 -1.0 mm. Also, about 6% quartz occurs as irregular, nearly elliptical, sub-circular, mainly siliceous sand grains composed of microcrystalline particles (as observed in Figure   6 ) and with a particle size between 0.05 -0.8 mm. 
Feldspar and Its Alterations
Feldspar is also one of the minerals that can be recovered economically from aeolian sands. It mainly occurs in two forms which include potassium feldspar and plagioclase.
Potassium feldspar (Kfs) accounts for about 26% in the microscopic observations and it occurs as irregular granules which are sub-circular, having a medium to fine sand structure with a visible stripped lattice (as shown in Figure 5 B. Nzuki et al. 
Gangue Minerals
Magnetite and ilmenite are the main gangue minerals present in the Tengger desert aeolian sand ore. Both are present in small amounts and have irregular granular shapes. Magnetite (Mt) has an approximate particle size of between 0.002 -0.1 mm (Figure 7 ) while ilmenite (Ilm), which occurs to be distributed with hematite in a metamorphic structure (Figure 8 ), is observed as opaque with a particle size of between 0.002 -0.1 mm.
Limonite (Lm), amphibole (Hbl), chlorite (Chl) and tourmaline (Tur) as well as pyrite (Py) (Figure 9 ) are also all present in trace amounts. Limonite has a colloidal shape (Figure 10 ), brown-reddish colour and a particle size between 0.002 -0.05 mm. Amphibole has an irregular granular shape, brownish green colour ( Figure 3 ) with a perfect cleavage ( Figure 6 ) and a particle size of be- of K 2 O and Na 2 O were determined to be potassium feldspar (Kfs) and plagioclase (Pl) minerals respectively. The concentration of potassium feldspar and sodium feldspar varied in different microzones (as noted in Figure 11 , Figure 12 , Figure 13 and Table 7 ). The chemical composition of K-feldspar (for the selected microzones) had an average potassium content of 9.02%, a sodium content of 5.32%, silicon content of 48.52%, and aluminum content of 14.34%.
There were also some small amounts of titanium and calcium in some microzones. There was no iron content in the selected microzones data. However, characteristic peaks of iron were detected in the analysis of the energy spectrums. The highest potassium content was 18.23% and the lowest was 0.34%. It also varied significantly for sodium with the highest being 9.85% and the lowest being only 0.64%. The microzone X-ray energy spectrum composition of a typical K-feldspar mineral is shown in Figure 14 .
EMPA and Microzone Spectral Components of K-Feldspar
It can be seen from Figure 11 , Figure 15 , Figure 16 and Table 8 that quartz and potassium-bearing feldspar minerals in the Tengger aeolian sands occur together. The quartz chemical composition (from the selected microzones) has an average 60.98% silicon, 5.10% aluminum and 2.12% potassium. Sodium was not detected in these microzones and part of the microzones contain traces of iron, titanium, calcium and magnesium with average values of 2.50% iron, 0.83% titanium, 0.38% calcium and 2.11% magnesium. This showed that the mineral association of quartz in the aeolian sands is complex and has quite a number of impurities to be separated in case it is being recovered for industrial use. It indicated that in order to obtain a higher quality quartz concentrate product, the ore should be finely ground to obtain a higher liberation degree. Typical quartz microzone X-ray energy spectrum composition diagrams are shown in Figure 17 . Figure 14 . X-ray energy spectrum composition of K-feldspar microzone points (spectrum 5 and spectrum 12 respectively). Figure 17 . X-ray energy spectrum composition of typical quartz micro-zone points (spectrum 4 and 10 respectively).
Microscopic observations showed that there were iron impurities in form of magnetite, hematite and ilmenite in the aeolian sands (Figure 11 (a) and Figure   11 but their content is significantly low.
Conclusions
There are vast aeolian sand resources in China. other mineral could be recovered economically and hence they were treated as impurities. Chemical and mineralogical analyses confirmed the suitability of the deposit to be processed economically to separate the gangue minerals, which are mostly metallic and/or magnetic, to obtain high purity quartz and feldspar. The impurity minerals containing iron are mainly magnetite, hematite, pyrite, ilmenite and limonite.
From the microscopic observations, EMPA and micro-area spectral composition analysis, the mineral types in the sample are relatively simple and are mainly potassium feldspar, plagioclase and quartz with small amounts of sand, clay, sericite, ilmenite and other minerals. Potassium feldspar particle size ranges from 0.01 to 0.7 mm, with plagioclase having a particle size of 0.01 -0.8 mm, and the quartz particle size is 0.01 -0.7 mm. Most of the impurity metal minerals are fine-grained. Since some of the gangue minerals are embedded on the target minerals, mostly feldspar, a proper and suitable grinding process will be necessary to liberate the minerals after which magnetic separation can be used to remove the magnetic impurities. Flotation can then be used to separate the feldspar and quartz minerals due to the difference in their zeta potential when treated under various flotation reagents. Therefore, future research could be determining how this ore can be beneficiated economically by use of magnetic separation and flotation methods, the suitable equipment, conditions and parameters involved.
